ABSTRACT This investigation compared the effects of repeated infestations to immunization of dogs with tick salivary gland or midgut extracts on the feeding and fecundity performances of female Rhipicephalus sanguineus (Latrielle). In each immunized group, three tick-naive dogs were immunized three times with tick salivary gland or midgut extracts, and twice challenged at 21-d intervals by allowing 80 female and 40 male adult ticks to feed on each host. The repeated infestation group of three naive dogs was infested Þve times at 21-d intervals by the same numbers of ticks. The repeated infestation group showed a trend of reduced tick performance after the third infestation, but some of the tick performance parameters had recovered by the Þfth infestation. Tick attachment was reduced by immunization with either tick salivary gland or midgut extract. Immunization with tick salivary gland extract had the greatest impact on the feeding period and engorgement weight of the female ticks. Immunization with tick midgut extract resulted in the greatest reduction of tick fecundity parameters, which included preoviposition, oviposition, and egg-incubation periods in addition to reduced egg production and egg viability. These results conÞrm that dogs can become resistant to R. sanguineus, and demonstrate that immunization with tick salivary gland or midgut extract has different effects on tick feeding and fecundity.
THE PHENOMENON OF acquired immune resistance to ticks following infestation has been studied since the initiatory work of Trager (1939) , and different inßam-matory and immunological phenomena have been described for animals infested with ticks (reviewed by Brown 1988 , Rechav 1992 , Wikel 1996 , Willadsen and Jongejan 1999 . It has been reported that plasma from cattle highly resistant to Boophilus microplus (Canestini) conferred some resistance to unexposed calves (Roberts and Kerr 1976) , and that infestation of guinea pigs with Rhipicephalus sanguineus (Latreille) invoked resistance to subsequent infestation that could be passively transferred to unexposed guinea pigs via immune sera (Brown and Askenase 1981) . Immunization of guinea pigs with R. sanguineus salivary gland or midgut tissues was also found to confer resistance to tick infestation (Garin and Grabarev 1972 , Wikel 1977 , Allen and Humphreys 1979 .
Hosts that become resistant after multiple infestations often display immune responses to substances found in tick saliva (Willadsen 1980; Wikel 1982a Wikel , 1982b Wikel , 1984 Wikel and Whelen 1986) . It has been proposed that immunization with salivary gland extract could induce resistance to infestation that resembles the immune protection observed after repeated infestations.
Another approach has involved "novel" or "concealed" antigens that are unlikely to reach the host under natural feeding conditions (Willadsen 1987, Willadsen and Jongejan 1999) . These antigens, which are associated with the tick midgut, have been shown to reduce tick fecundity , Wikel 1988 , Willadsen et al. 1989 , Sahibi et al.1997 . Characterization of these concealed tick tissue antigens resulted in development of a deÞned vaccine against B. microplus (Willadsen et al. 1995) .
Some studies have demonstrated the ability of dogs to develop resistance against R. sanguineus (Pogoielyi 1966 , Inokuma et al. 1997 , whereas others have indicated that dogs are unable to acquire resistance against this tick species (Chabaud 1950 , Theis and Franti 1971 , Randolph 1979 , Fielden et al. 1992 , Bechara et al. 1994 , Ferreira and Bechara 1995 , Szabo and 1995 . Host resistance to infestation can be determined by meaAll vertebrate animals were cared for in accordance with a protocol approved by and on Þle with the Ohio State University Institutional Laboratory Animal Care and Use Committee.
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suring tick feeding and fecundity performance parameters; several of these parameters have been shown to be affected by hosts that were resistant to other tick species (Bowessidjaou et al. 1977; Brossard et al. 1982; Barriga et al. 1991 Barriga et al. , 1995 Sahibi et al. 1997) . The purpose of this project was to determine if resistance against R. sanguineus could be induced in dogs by measuring the feeding and fecundity performance parameters of R. sanguineus females fed on dogs that were exposed to repeated infestations or immunization with midgut or salivary gland extracts.
Materials and Methods
Ticks. R. sanguineus adults were obtained from the Oklahoma State University Medical Entomology Laboratory and maintained at 25ЊC, 90% RH, and a photoperiod of 12:12 (L:D) h. Individual engorged females were kept in glass tubes throughout oviposition, and eggs were stored separately until hatching.
Antigen Preparation. Tissues were collected from 25 adult ticks (15 females and 10 males) for each immunization. Tick salivary gland antigen was prepared from male and female R. sanguineus that had fed for either 3 or 5 d on a guinea pig. Ticks were placed into phosphate buffered saline, pH 7.4 (PBS), and opened along their dorsal surface. Salivary glands were removed, dissected free of other tissues, placed into PBS at 4ЊC, and suspended in 1% SDS and 5% 2-mercaptoethanol before incubation in a water bath at 56ЊC overnight followed by boiling for 5 min. The solution was cooled to room temperature, transferred into a 12,000-14,000 molecular weight cut off dialysis tube (Spectra/Por7, Denver, CO), immersed into 1 liter PBS and left at 4ЊC on a magnetic stirrer overnight (PBS was changed every 4 Ð 6 h). This mixture (0.5 ml) was sterilized with a 0.45-m Þlter (Millipore, Bedford, MA), and mixed with 0.5 ml of complete or incomplete FreundÕs adjuvant H37Ra (Difco, Detroit, MI) immediately before immunization of the hosts.
Tick midgut samples were also removed at 4ЊC in PBS. These organs were disrupted for 30 s in PBS at 4ЊC with a tissue homogenizer followed by sonication for 15 s (model 300 Sonic Dismembrator, Fisher, Pittsburgh, PA), set at 35 and 60% output power, a total of 10 times. The homogenates were dialyzed in PBS at 4ЊC overnight and centrifuged at 16,000 ϫ g for 30 min at 4ЊC. Tick midgut preparations were sterilized with a 0.45-m Þlter (Millipore) and 0.5 ml mixed thoroughly by sonication with 0.5 ml of complete or incomplete FreundÕs adjuvant before immunization.
Experimental Hosts. Nine Beagle dogs were purchased from Hazelton Research Products (Kalamazoo, MI) for this experiment. All dogs were 8-mo-old females that weighed 6 Ð 8 kg, and were randomly assigned to three treatment groups. An enzyme-linked immunosorbant assay was used to conÞrm that these dogs were seronegative for various R. sanguineus tissues, including midgut and salivary glands, before this investigation (Jittapalapong et al. 2000) .
Immunization of Dogs. The two groups of immunized dogs were inoculated three times at 21-d intervals intradermally with the tick salivary gland or midgut preparations. Each dog received tick salivary gland or tick midgut extract collected from 25 ticks per immunization, which was mixed with FreundÕs complete adjuvant for the initial immunization or incomplete adjuvant for the second and third immunizations. The third group was infested Þve times at 21-d intervals.
Challenge Infestation. Dogs immunized with tick salivary gland or tick midgut were challenged by tick infestation 7 d after the third immunization and a second time 21 d later. All infestations consisted of 80 female and 40 male unfed adult R. sanguineus per dog. Ticks were placed inside a feeding bag made from an orthopedic stockinet that was adhered with tissue glue (Ellman, Hewlett, NY) to the shaved scapular regions of the hosts. Elizabethan neck collars and surgical vests were placed on all animals to prevent grooming. To avoid the escape of ticks during experiments, hosts were kept in cages surrounded by petroleum jelly.
Daily observations were performed to measure the tick performance parameters that are described below.
Tick Performance Parameters. Ticks were examined daily and detached, engorged females were removed and individually maintained in a tick chamber until oviposition was completed. Egg clusters were weighed and maintained until hatching was achieved. The following biological parameters related to female tick feeding and reproductive performances were determined during each infestation: feeding period, engorged female weight, preoviposition period, oviposition period, egg mass weight, and egg incubation period. These parameters were used to calculate feeding and fertility indices as previously described (Barriga et al. 1991 (Barriga et al. , 1995 . Engorged female weight was measured immediately after detachment. Egg masses were weighed 21 d after tick detachment. The engorgement period was assumed to be the time that elapsed from the liberation of ticks onto the host until their detachment at partial or full engorgement. The preoviposition period was the time that elapsed from the detachment of the female tick until the beginning of oviposition. The oviposition period was the time that ticks started laying eggs until they Þnished. The egg-incubation period was the time from the beginning of oviposition until the beginning of larval hatching. The feeding efÞciency index was calculated by the dividing the weight of each engorged female by her feeding period, and the fecundity efÞciency index was calculated by dividing the weight of each egg mass by the weight of the respective female.
Statistical Analysis. Data from biological parameters were compared between treatment groups using multivariable analysis of variance (ANOVA) procedures. All analyses assessed the effect of treatment group adjusted for the effect of multiple infestations. Pairwise comparison of LS means was accomplished with the TukeyÐKramer method. We consider as signiÞcant those differences with P Ͻ 0.05.
Results
Performance of Female R. sanguineus After Multiple Infestations. Repeated infestation alone reduced all of the tick feeding performance parameters, with host resistance initially expressed after the third infestation (Fig. 1 ). The number of engorged females dropped signiÞcantly from a mean of 54.33 ticks per dog (infestation 1) to a low of 26.33 ticks per dog (infestation 4; P Ͻ 0.014), followed by an increase back to 52.67 ticks per dog at infestation 5. Feeding periods increased from 7.82 (infestation 1) to 8.51 d (infestation 3; P Ͻ 0.0283), 8.61 d (infestation 4; P Ͻ 0.0042) and 9.01 d (infestation 5; P Ͻ 0.0001). Engorgement weights fell from 230.12 g (infestation 1) to as low as 189.83 g (infestation 4; P Ͻ 0.0001). Feeding efÞciency indices dropped from 28.82 (infestation 1) to 24.53 (infestation 3; P Ͻ 0.0144), 24.09 (infestation 4; P Ͻ 0.0001) and 21.75 (infestation 5; P Ͻ 0.0001).
Repeated infestation did not signiÞcantly affect several fecundity parameters including tick mortality, failure to oviposit, and egg viability (Fig. 2) . However, the preoviposition (4.81 d), oviposition (14.53 d), and egg incubation (20.70 d) periods were lengthened from infestation 1 to as much as 5.39 d (infestation 5; P Ͻ 0.0002), 18.16 d (infestation 5; P Ͻ 0.0001), and 22.53 d (infestation 5; P Ͻ 0.0001), respectively, for ticks fed on previously infested dogs. Egg mass weight dropped from 136.52 (infestation 1) to 106.59 mg (infestation 4; P Ͻ 0.0021).
Comparative Performance After Feeding on Immunized or Repeatedly Infested Dogs. Immunization with tick salivary gland or midgut extracts impacted several feeding performance parameters (Fig. 3) . The mean number of engorged females in the repeated infestation group was 51.20 ticks per infestation, which was higher than those that engorged on dogs immunized with tick midgut (33.67 ticks per infestation; P Ͻ 0.001) or tick salivary gland (32.83 ticks per infestation; P Ͻ 0.0006). The mean feeding period of the repeated infestation group (8.42 d) was only less than that of the tick salivary gland extract-immunized group (9.55 d, P Ͻ 0.0001). The mean weight of engorged female ticks from the repeated infestation group was 204.06 mg per tick, which was greater than the average of those fed on dogs immunized with tick salivary gland (174.66 mg per tick; P Ͻ 0.05), but there was no signiÞcant difference between the engorged weight of females from repeatedly infested dogs and those from tick midgut extract-immunized dogs.
Host immunization with tick midgut or tick salivary gland extracts also impacted several R. sanguineus fecundity parameters compared with repeated infestation alone (Fig. 4) . The preoviposition, oviposition, and egg incubation periods all were 5.05, 16.61, and 21.37 d, respectively, for the repeated infestation group, 5.25, 18.67 (P Ͻ 0.0001), and 19.33 d (P Ͻ 0.0001), respectively, for the tick midgut extract-immunized group and 5.2, 18.2 (P Ͻ 0.0001), and 19.31 d (P Ͻ 0.0001), respectively, for the tick salivary gland extract-immunized group. The mean egg mass weight produced during repeated infestations was 114.53 mg per ticks, which was greater than those fed on tick midgut extract-immunized dogs (86.46 mg per tick; P Ͻ 0.0001). There was no difference between egg mass weights produced by ticks fed on repeatedly infested and tick salivary gland extract-immunized dogs.
Performance During Different Challenge Infestations. Further comparison of tick performance during the Þrst and second challenge infestations provided insight to the sustainability of any resistance induced by immunization with tick tissues. For the feeding performance parameters (Fig. 5) , female ticks reaching engorgement dropped from a mean of 54.33 ticks per dog, after infestation of previously unexposed dogs, to 50.67 ticks per dog for repeated infestation 2, and to 28.33 ticks per dog (challenge infestation 1; P Ͻ 0.0256) and 39.00 ticks per dog (challenge infestation Fig. 2 . Fecundity parameters of R. sanguineus females during repeated infestations on dogs. Dogs were infested, ticks collected and results are reported as described for Fig. 1 . Individual engorged female ticks were housed separately to observe fecundity performance parameters. Fecundity parameters measured included the number of females that died after engorgement (A), the number of females that failed to oviposit (B), the preoviposition period between detachment of the females and the beginning of oviposition (C), the period required for females to oviposit (D), the number of females that oviposited nonviable eggs (E), the incubation period required for larvae to hatch from eggs of each female (F) and the weight of the egg mass from each female (G). The fecundity efÞciency index (H) was calculated by dividing the engorged weight of each female by the weight of the egg mass produced by that same tick. (a,b) Different superscripts within a panel represent different LS mean values (P Ͻ 0.05).
2) after feeding on dogs immunized with tick midgut extract. Engorged female numbers dropped to 39.00 ticks per dog (challenge infestation 1) and 26.67 ticks per dog (challenge infestation 2; P Ͻ 0.0155) after feeding on tick salivary gland extract-immunized dogs. Feeding periods increased from 7.82 to 8.13 d for repeated infestation 2, to 8.45 d (challenge infestation 1; P Ͻ 0.0215) and 8.82 d (challenge infestation 2; P Ͻ 0.0001) for ticks fed on tick midgut extract-immunized dogs, and to 9.08 d (challenge infestation 1; P Ͻ 0.0001) and 10.02 d (challenge infestation 2; P Ͻ 0.0001) for ticks fed on tick salivary gland extract-immunized dogs. Female R. sanguineus fed on control dogs had a mean engorgement weight of 230.12 mg, which dropped to 205.33 mg (P Ͻ 0.0223) for repeated infestation 2, to 148.19 (P Ͻ 0.0001) and 201.13 mg (P Ͻ 0.0488) for challenge infestations 1 and 2, respectively, when ticks fed on tick salivary gland extract-immunized dogs, and the weights for ticks fed on tick midgut extract-immunized dogs (215.45 and 213.31 mg) were not signiÞcantly different than the control. The decreased engorgement weights of female ticks fed on tick salivary gland extract-immunized dogs resulted in the lowest feeding efÞciency index among the three groups.
Some fecundity performance parameters also varied between challenge infestations (Fig. 6) . Preoviposition periods were 4.81 d for ticks fed on naive dogs and 4.95 d for repeated infestation 2, which were shortened to 4.5 and 4.32 d (P Ͻ 0.0110) for the Þrst challenge infestation and then lengthened to 6.00 (P Ͻ 0.0001) and 6.08 d (P Ͻ 0.0001) after the second challenge infestation to immunization with tick midgut or tick salivary gland extract, respectively. The 14.53-d oviposition period of the control group increased to 16.22 (P Ͻ 0.0016) for repeated infestation 2, to17.84 (challenge infestation 1; P Ͻ 0.0001) and 19.5 d (challenge infestation 2; P Ͻ 0.0001) for females fed on tick midgut extract-immunized dogs, and to 18.63 (challenge infestation 1; P Ͻ 0.0001) and 17.78 d (challenge infestation 2; P Ͻ 0.0001) for females fed on tick salivary gland extract-immunized dogs. The egg incubation period before hatching went from 20.70 for control infestation 1Ð20.79 for repeated infestation 2, to 17.88 (P Ͻ 0.0001) and 20.79 d for challenge infestations 1 and 2, respectively, of dogs immunized with tick midgut extract and to 17.63 (P Ͻ 0.0001) and 20.99 for challenge infestations 1 and 2, respectively, from ticks fed on tick salivary gland extract-immunized dogs, respectively, after the Þrst challenge infestation, but this parameter was not signiÞcantly different for either group after the second challenge infestation. The egg mass weights produced by control ticks averaged 136.52 mg, which dropped to 112.15 (P Ͻ 0.0129) for repeated infestation 2, and to 70.58 (challenge infestation 1; P Ͻ 0.0001) and 102.34 mg (challenge infestation 2; P Ͻ 0.0023) produced by ticks fed on tick midgut extract-immunized dogs. However, egg mass weights did not drop signiÞcantly for ticks fed on dogs immunized with tick salivary gland extract (113.51 and 113.11 mg after challenge infestations 1 and 2, respectively). No signiÞcant differences were determined among the three groups for mortality, failure to oviposit, and egg viability. 4 . Fecundity parameters of R. sanguineus females from all infestations fed on dogs that were repeatedly infested or immunized with tick tissues. Dogs were repeatedly infested Þve times or immunized three times with tick salivary glands or midgut followed by two challenge infestations. The bars in each panel represent the least square (LS) mean Ϯ SE of ticks from all infestations in the repeated infestation, tick midgut, and salivary gland extract-immunized groups. Fecundity performance parameters were measured as described in Fig. 2 , and included the number of females that died after engorgement (A), the number of females that failed to oviposit (B), the preoviposition period between detachment of the females and the beginning of oviposition (C), the period required for females to oviposit (D), the number of females that oviposited nonviable eggs (E), the incubation period required for larvae to hatch from eggs from each female (F) and the weight of the egg mass from each female (G). The fecundity efÞciency index (H) was calculated by dividing the engorged weight of each female by weight of the egg mass-produced by that same female. (a,b,c) Different superscripts within a panel represent different LS mean values (P Ͻ 0.05).
Discussion
The purpose of this study was to investigate the potential for inducing resistance to R. sanguineus in the canine host. The emergence of tick resistance to acaricides, the accumulation of these chemicals in the environment, and their rising costs have resulted in searching into alternative methods of control based on the use of host defense mechanisms (Utech et al. 1978, Willadsen and Jongejan 1999) . Several previous investigations have indicated potential applications for inducing protective immunity against ticks. A vaccine against B. microplus, a highly adapted one-host tick of cattle, has been developed with the midgut-associated immunogen Bm 86, and has been shown to reduce the engorgement weight and egg laying capacity of engorged female ticks (Willadsen et al. 1995) . The success of the B. microplus vaccine indicates that it may be possible to induce immune protection against R. sanguineus in dogs as it has been done with guinea pigs (Bechara et al. 1994, Szabo and Bechara 1997) . Immune resistance to R. sanguineus may reduce the fecundity and subsequent burdens of the ectoparasite, resulting in less direct damage because of heavy infestation of the host and perhaps curtailing the transmission of tick-borne pathogens (Bell et al. 1979 .
Mammals develop an immunological response to tick secretory products during infestation . The sera of tick-resistant hosts have been shown to contain antibodies that bind speciÞ-cally to tick salivary gland and midgut tissues (Ackerman et al. 1981) , and passive transfer of immune sera and peritoneal exudate cells from tick-resistant hosts conferred resistance to tick feeding (Brossard and Girardin 1979 , Brown and Askenase 1981 , Askenase et al. 1982 . SpeciÞc antigens from tick salivary glands and midgut have been associated with protective immunity against different tick species, and these tissues have been used to induce resistance to ticks in guinea pigs (Garin and Grabarev 1972 , Wikel 1977 , Allen and Humphreys 1979 , Nyindo et al. 1989 . Better understanding of the immune mechanisms underlying host resistance to these parasites, and identiÞcation of the antigens targeted by these mechanisms, could lead to an effective approach to immunoprophylactic control of ticks.
Reduced tick performance parameters in this investigation were often recovered in the subsequent infestations. This phenomenon may be explained by the ability of ticks to manipulate the host immune system (Wikel 1982 (Wikel a, 1982b (Wikel , 1988 . For example, after the Þrst challenge infestation, the number of engorged females recovered from dogs immunized with tick midgut extract was signiÞcantly lower than those from naive controls or dogs immunized with tick salivary gland. However, after the second challenge infestation, the number of engorged females recovered from dogs immunized with tick midgut extract was not signiÞcantly different from those of naive controls. Similar performance recoveries were observed for the engorged weight of females fed on tick salivary gland extract-immunized dogs, the egg mass weight from females fed on tick midgut extract-immunized dogs and for the number of engorged ticks recovered after repeated infestations. Conversely, fewer engorged females were recovered from dogs immunized with tick salivary gland after the second challenge infestation, possibly because of a booster effect, during the Þrst challenge infestation, of the salivary immunogen(s) responsible for reducing this parameter. Immuno- Fig. 6 . Fecundity parameters of R. sanguineus females from individual infestations on dogs immunized with tick tissues. Dogs were immunized, subjected to two challenge infestations, and tick feeding performance parameters measured as described in Fig. 3 . Fecundity performance parameters of each individual included the number of females that died after engorgement (A), the number of females that failed to oviposit (B), the preoviposition period between detachment of the females and the beginning of oviposition (C), the period required for females to oviposit (D), the number of females that oviposited nonviable eggs (E), the incubation period required for larvae to hatch from eggs from each female (F), and the weight of the egg mass from each female (G). The fecundity efÞciency index (H) was calculated by dividing the engorged modulation seems to be the most efÞcient under natural conditions, when hosts seemingly possess little measurable resistance against tick infestations (Randolph 1979 , Fielden et al. 1992 , (de Castro and Newson 1993 , and means to circumvent this phenomenon need to be investigated.
The reduction in both feeding and fecundity performances after the third repeated infestation indicated that a trend of protective immunity was developing in dogs without immunization with tick tissues. Development of resistance caused by successive infestations appeared to be less pronounced than direct immunization with tick salivary gland or tick midgut extract, possibly because the dog is the natural host to which R. sanguineus is highly adapted. The resistance manifested by repeated infestation affected both feeding and fecundity performances in a manner similar to that of the tick salivary gland extract-immunization group, indicating that the majority of antigens released into the host during tick feeding are probably secretory products of the tick salivary glands.
Tick midgut extract-immunized dogs developed resistance that affected the tick engorgement number, feeding period, and several fecundity parameters. Some of these ticks were only partially attached and not feeding or detached when only partially engorged, resulting in a decreased number of engorged females. Those ticks that did engorge had a lower conversion rate of bloodmeal to egg mass because immunization with tick midgut extract had no effect on their engorged weight, but did reduce egg mass weight, as indicated by the fecundity efÞciency indices of these ticks. Others have shown that tick midgut is permeable to host immunoglobulins, and that these antibodies enter the tick hemolymph and can bind to antigens associated with other internal organs of the tick (BenYakir et al. 1986, Wang and Nuttall 1994) . Additionally, leakage of the damaged midgut could have exposed host reactive elements to the ovary, uterus, and salivary glands as reported by Agbede and Kemp (1986) . These host immune effectors that are present in the bloodmeal could bind to antigens associated with the reproductive organs, synganglion, and muscle tissue and could have a detrimental effect on the tick. The canine immune response to tick midgut extract may have been cross-reactive to other tick vital organs such as the reproductive system, indicating that the R. sanguineus midgut antigen preparation contained antigens important for induction of immunity targeted toward reducing tick fecundity.
Immunization with tick salivary gland extract primarily impacted tick feeding performance. Ticks fed on these dogs had a reduced engorgement weight that resulted in lower feeding efÞciency and higher fecundity efÞciency indices. Interestingly, although the female engorgement weight was reduced for ticks fed on tick salivary gland extract-immunized dogs, the egg mass weights were not reduced, thus the fecundity efÞciency index was signiÞcantly higher than the other groups. Conversely, females fed on tick midgut extract-immunized dogs did have a lowered fecundity efÞciency index despite engorgement weights that were not signiÞcantly different from the naive controls. These results indicate that immunization with either tick midgut or salivary gland extract inßuenced tick performance, but through different mechanisms: immunization with tick salivary gland extract apparently reduced bloodmeal uptake but did not affect egg mass weights, although immunization with tick midgut extract did reduce egg mass weights by interfering with bloodmeal conversion into egg mass.
These results indicate that these dogs developed immune resistance to R. sanguineus. This study directly compared the performance of R. sanguineus females fed on dogs exposed to repeated infestation or immunization with tick salivary gland or tick midgut extract. Ticks fed on dogs immunized with tick salivary gland or tick midgut extract suffered greater reductions in feeding or fecundity than ticks fed on dogs that were exposed to repeated infestations. Although the resistance observed did not result in complete mortality or reduction in fecundity, it was indicative of the potential to establish protective resistance in dogs.
Further work will focus on the speciÞc tick antigens that are associated with the different forms of resistance expressed in this investigation. This work represents an essential step to identify the R. sanguineus performance parameters that were reduced by immunization with different crude antigen preparations. For example, antigens that are recognized by sera from dogs immunized with tick midgut extract, but not by sera from tick salivary gland extract-immunized dogs, may be associated with reduced egg mass weights. Similarly, those antigens uniquely recognized by tick salivary gland extract-immunized dog sera could be associated with reduced feeding performances such as engorgement weight, and when combined with the tick midgut extract component responsible for reduced egg mass weight could signiÞcantly reduce R. sanguineus fecundity. Characterization of immunogens that are speciÞcally associated with these different effects on tick performance is needed.
